Introduction
The industrial applications of moving materials classified as axially travelling stringlike, beamlike structures are numerous [1] [2] [3] [4] such as magnetic tapes drives, band saws, power transmission belts, robot arms, serpentine belts and aerial cable tramways. The purpose of the current research paper is to investigate the linear instability of the beam. The dynamic equation of motion and obtained utilizing the Extended Principle of Hamilton for the two-span Euler-Bernoulli beam. The complex mode method [5, 6] is used to obtain the nonlinear frequency equation. The boundaries of the instability regions were determined according to the signs of the real and imaginary parts of the eigenvalues.
Formulation of the beam problem
The axially moving continua with an intermediate spring support is illustrated schematically in Fig. 1 .
Fig. 1. Geometry of the axially travelling beam.
The equations of motion can be obtained by following the procedure presented in the reference [7] using the Extended Hamilton's Principle. The Euler-Bernoulli beam is moving axially at a slightly fluctuating harmonic velocity * c . After writing the kinetic and potential energies of the system, the Lagrangian for the axially moving beam can be formulized through the Hamilton's w and x should be written as 0 and L respectively. It is assumed that the beam has immovable boundaries at the outer ends. The assumption introduces nonlinearity because of the stretching of neutral fibres. where P is the total tensional force, which is composed of an applied artificial pre-tension and the tension caused by the extensional and flexural deformations of the centreline, in the axial direction.
Dimensionless formulation
For convenience, the equations and all accompanying boundary conditions are presented in dimensionless form for the two sides. The following non-dimensional variables and parameters introduced in Ref. [8] 
In addition to those given in Eq. 2, the dimensionless pan-wise variable, which represents a dimensionless location constant of the intermediate support and may take a value bigger than 0 and smaller than 1, is introduced:
presents the longitudinal rigidity parameter, and f v denotes the flexural rigidity parameter. The axial velocity is converted to dimensionless quantity by dividing it with the critical velocity. Substituting Eq. 2 in the governing equation of the motion, performing required operations and adding damping term ( μ ) yield the dimensionless equations of motion and relevant non-dimensional boundary conditions.
where the following abbreviations are introduced.
A systematic way
In the initial steps we tacitly used the method of multiple scales [9] to separate and obtain the linear parts of the equations in a systematic way [10] . , among the eigenvalues. Using the boundary conditions given with Eqs. 13, the matrix of the coefficients can be obtained. We are interested in a sufficient condition for the nontriviality of the solution. The determinant of the matrix of the coefficients must vanish. Thus, the natural frequencies can be evaluated by means of Secant Method from this equality.
Stability
The beam loses its stability if the transport speed exceeds a certain value. [12] . Therefore, after assuming the solution function )
as an exponetial function, a dispersion relation can be obtained. From the the roots of these equations, an artificial parameter can be evaluated as follow. 
Numerical results
Our numerical investigations were conducted on the beam with the mechanical properties which are listed in Table 1 . The flexural rigidity parameter was chosen as 173 The real and imaginary parts of the complex eigenvalues versus the constant axial transport speed curves are plotted in Fig. 2 in order to show the linear instability. Depending on the signs of the real and imaginary parts of the complex eigenvalues, the boundaries of the instability regions are observed in Fig.  2 . 
Summary and conclusions
The divergence speeds are analytically derived. The real and imaginary parts of the complex eigenvalues versus constant axial transport speed curves were calculated in order to show the linear instability regions. The signs of the real and imaginary parts of the eigenvalues are used to determine the boundaries of the instability regions.
